INTRODUCTION
Human filariasis is a major global health problem affecting an estimated 250 million people. Disease caused by infections with the parasitic nematode Brugia malayi is characterized by a broad spectrum of clinical manifestations including asymptomatic microfilaremia, recurrent lymphadenitis with retrograde lymphangitis,
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Receivedfor publication 9 March 1979 and in revisedform 11 September 1979. 172 "filarial fevers," lymphedema, and elephantiasis. This wide range ofclinical disease and ofthe immunological changes associated with it are thought to reflect the diversity of the host's immune response to filarial infections (1), but direct proof for this hypothesis is lacking.
Serological studies reveal that infected individuals develop antifilarial antibodies of different immunoglobulin classes. The detection of these antibody responses by a variety of in vitro techniques and by immediate hypersensitivity type skin reactions forms the basis of current immunodiagnostic methods (2, 3) . In contrast, few detailed studies on cell-mediated immune reactions in human filariasis have been performed to date. Ottesen 
RESULTS
Clinical and parasitological observations. Because of clinical and parasitological findings, each individual could be assigned to one of five patient groups defined by the following criteria: (a) No microfilaremia, no symptoms offilariasis; (b) no microfilaremia, symptoms of filariasis other than elephantiasis; (c) no microfilaremia, elephantiasis; (d) microfilaremia, no symptoms; and (e) microfilaremia with symptoms. The term "symptoms" refers to the periodic occurrence of fevers associated with typical lymphadenitis and retrograde lymphangitis for which no other obvious cause was apparent. Relevant demographic, parasitological, and clinical data are summarized in Tables I and II . There were no significant differences between the various patient groups with regard to age or sex distribution or the mean number of years of residence in the study villages (Table I ).
The frequency of positive blood smears for malaria prepared from blood used for immunological testing was low and did not significantly differ between patient groups. None ofthe subjects had clinical evidence of acute malaria at the time of testing.
The prevalence of intestinal nematode infections, determined from egg counts on stool specimens ob- tained over a 6-mo period preceding this study, was high in all patient groups. Again, no significant differences between the various patient categories could be detected (Table II) . Several points related to filarial disease deserve further comment. First, none of the patients with elephantiasis tested had detectable microfilariae in their blood, although 13/15 had other symptoms of filariasis (recurrent fevers and/or adenitis) in addition to elephantiasis. Second, the overall incidence of typical filarial symptoms in subjects without microfilaremia was similar to that in individuals with patent microfilaremia (26/26 vs. 19/39, x2 = 0.4, NS). On the other hand, of the 39 patients with patent microfilaremia, those with elevated microfilarial densities more often gave a history of recurrent fevers than those with low microfilarial counts. Only 4 of20 asymptomatic patients in this group had a microfilarial density 2 100/ml vs.
14 of 19 symptomatic patients (X2 = 11.2, P < 0.001).
Lymphocyte responses to nonfilarial antigens. Although unstimulated cultures of lymphocytes from the Kalimantan donors tended to incorporate more 125I1 deoxyuridine than equal numbers of cells from control donors, the difference was not statistically significant (Table III) . Similarly, the in vitro response to the nonparasite antigens PPD and SK-SD lymphocytes from the Kalimantan study population was similar to that of the distant control group. There were no significant differences in the response rates or in the mean stimulation indices of the various patient groups (Table III) .
Lymphocyte responses to microfilarial antigen. The scarce supply of microfilarial extract and especially the limitations on the amount of blood that could be obtained precluded extensive dose-response curve stud- Lymphocyte responses to adult male worm anttigen. Clear differences were found between the response rates of various patient categories to adult worm antigen. None of 42 subjects without elephantiasis and none of4 control donors had a positive in vitro response to this antigen. In contrast, all 11 patients with elephantiasis tested had a brisk response to adult male worm antigen (Table VI) . The mean (+SE) SI in this group was 4.17+0.45. Because of the limllited supply ofthis antigen, no detailed dose-response curve studies The highest frequency and intensity of cellular reactions to microfilarial antigens was observed in subjects in whom no clinical or parasitological evidence of filariasis could be found. The serum of a large number of these individuals also contained antibodies reacting with the sheath of B. mailla,i microfilariae.' On the other hand, these asymptomatic individuals failed to react with adult worm antigens.
These asymptomatic persons most likely have become sensitized to filarial antigens because they bear low level subclinical infections. Observations on the infectivity rates and biting habits of the mosquito vectors clearly indicate that all individuals living in the study area are repeatedly exposed to infective third stage larvae.' Autopsy data also suggest that asymptomatic filarial infections can occur; in some cases the absence of filaremia can be explained by unisexual infections (7) . Further, virtually all subjects living in endemic areas exhibit wheal and flare reactions to filarial extracts (3). These observations suggest that even asymptomatic individuals have ample opportunity to become sensitized to filarial antigens. Why they should react to microfilarial but not to adult worm antigens remains unclear. It is possible that those subjects have been infected with third stage larvae, but that a vigorous immune response to this parasite stage has aborted the infection by preventing further maturation of the worm. In addition, if third stage larvae and microfilariae share common antigens, such a sequence of events could account for the lack of reactivity to adult worm antigen in the face of strong reactions to microfilarial antigens. However, based on the limited number of available postmortem observations, such simple interpretation is likely to be correct only in a minority of cases (7) .
In contrast to asymptomatic, amicrofilaremic subjects, the majority ofpatients with patent microfilaremia failed to respond to microfilarial antigens, although their response to the nonparasite antigens PPD and SK-SD was similar to that of patients with other stages of filariasis and to that of distant control subjects. Thus, we find a strong correlation between the presence of circulating microfilariae and the lack of cell-mediated responses to microfilarial antigens. A similar correlation exists between microfilaremia and absence of detectable antimicrofilarial antibodies.'
There are two possible explanations for this observation, based on whether one considers microfilaremia to be the cause or the result of the immuine unriesponisiveneiss.
First, it is possible to envision that a vigorous immune response during the early stages of filarial infection might prevent the normal development of the parasite and result in the absence of detectable microfilareia. Studies on the fate of experimentally transmitted infections in nonsusceptible animal hosts support this concept (8) . In these animals the infection is suppressed by the host's immune response; experimental manipulations that interfere with the development of antiparasite immunity result in protracted filarial infections in an otherwise nonsusceptible host (8) . By analogy, "bad" (i.e., resistant) human filarial hosts would suppress their infection and exhibit a high degree of immunity; "good" (i.e., susceptible) hosts would let the infection run its "natural" course and fail to become sensitized to filarial antigens. No evidence for such a state of tolerance exists at present.
An alternative explanation is that filarial parasites cause active suppression of cellular immune responses to the worm's antigens. Because the in vitro response to the nonparasite antigens, PPD and SK-SD, was similar in all patient and control groups, the postulated immune suppression appears to be selective for parasite antigens, a conclusion also reached by Ottesen et al. (4) .
Immunosuppression is a prominent feature of protozoan infections where the infecting agents are present in the circulation and an integral part of many helminth infections, including filariasis in jirds and rats (9, (10) (11) (12) (13) . What mechanism(s) might be responsible for this biological phenomenon in human filariasis cannot be determined from these studies. In Ottesen's study (4) the lymphocytes were cultured in the presence ofautologous serum, leaving open the possibility that their unresponsiveness to filarial antigens was caused by the presence of suppressive factors in the patients' sera. This possibility was excluded in this study because all cultures were done in medium supplemented with AB+ serum from a single pool of unexposed donors. The spleen of infected jirds contain a phagocytic adhering cell that suppresses the in vitro reactivity of splenocytes to mitogens (13) . Whether suppressor cells play a role in the selective unresponsiveness to filarial antigens in infected humans remains to be determined by additional studies.
It is of interest to note that none of the elephantiasis patients in this study had detectable microfilaremia, although the majority had an antecedent history of recurrent filarial fevers. The finding that patients with elephantiasis to a certain extent regain the ability to react with microfilarial and adult worm antigens suggests that the state of immune suppression in filariasis is reversible and that microfilariae may be the cause of the immunesuppression. Repeated exposure to infective third-stage larvae can result in the elimination of microfilariae from the blood of experimentally infected animals (14, 15) . The serum of these "cured" animals contains antimicrofilarial antibodies that cannot usually be demonstrated in the serum of animals that remain microfilaremic (16) . Because all individuals living in the study area are repeatedly bitten by infected mosquitoes, it is tempting to speculate by analogy that the immune suppression in human filariasis may also be reversed by repeated reexposure to infectious larvae. Experimental evidence to support this hypothesis is lacking.
The pattern of reactivity to adult worm antigens was markedly different from that observed with microfilarial antigens. All 11 patients with elephantiasis reacted in vitro to this antigen, but none of 21 asymptomatic, and none of 21 patients with other stages of filariasis reacted to adult worm antigen. Such clear differences in the reactivity of individual patients to microfilarial and adult worm extracts were not noted by Grove et al. (3, 17) , who studied the clinical usefulness of similarly prepared antigenic extracts for immunodiagnostic purposes by skin testing and measured serum antibody levels to microfilariae and adult worms. The reasons for this apparent discrepancy are not clear. However, it should be pointed out that the adult worm extract used in this study was prepared from male worms only, whereas Grove et al. (3, 17) used a mixture of male and female worms. Conceivably this extract could have been contaminated with antigens from microfilariae present in gravid females. On the other hand, the immediate hypersensitivity skin reactions observed by Grove et al. reflect the presence of humoral, antibody-mediated immunity, whereas the lymphocyte transformation assay used in our studies is an in vitro correlate of cellular immunity (17) (18) (19) . It is not unreasonable to assume that the crude saline extracts used in both studies contained several antigenic materials that might preferentially elicit humoral or cell-mediated reactions. It follows that two assays measuring different parameters of the immune response might reveal two different patterns ifthe reaction that is measured is elicited by two distinct antigens present in a crude mixture. The presence of multiple antigenic determinants in filarial extracts has been confirmed experimentally (20) . The same study also indicates that different stages in the life cycle of filarial parasites possess distinct stage-specific antigens in addition to antigens that are shared by different developmental stages.
It has long been postulated that end-stage filariasis, elephantiasis, results from cell-mediated immune reactions to dead adult worms (1, 7, 21) . Our finding that patients with elephantiasis were the only ones who exhibited cellular reactivity to adult worm antigens is consistent with this hypothesis. In contrast, the symptoms ofacute filariasis have been attributed to antibodydependent "allergic" reactions elicited by living microfilariae, discarded sheaths, moulting fluids, unfertilized ova, etc. (7, 21) . We find no evidence of cellular immunity to adult worm antigens and only a low incidence of cellular sensitization to microfilarial antigens in patients with these symptoms. Taken together, these observations indicate that the pathogenesis of different clinical syndromes in human filariasis may result from different types of immune reactions to antigens associated with distinct stages in the life cycle of the parasite. The exact nature of the antigens responsible for the immunity, immunopathology and immune suppression in filariasis remains to be determined by further studies.
